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Background: Many individuals with autism spectrum disorders (ASD) have difficulty with verbal communication, 
which might be due to a lack of spontaneous orientation toward social auditory stimuli. Previous studies have 
shown that a single dose of oxytocin improves speech comprehension in autism. The primary aim of this study was 
to investigate whether the orientation behaviors toward human sounds are different for neurotypical (NT) adults 
and adults with ASD and whether oxytocin has an effect on their orientation behaviors toward human sounds. 

Methods: This was a randomized, placebo-controlled, within-subject, crossover design study of intranasal oxytocin 
versus placebo in 13 NT adults and 16 adults with ASD. Subjects were randomized to 24 IU intranasal oxytocin or 
placebo on different days, and they were blind to the treatment. The participants then listened passively to human 
and non-human affective sounds while their skin conductance responses (SCRs) and the changes in peripheral 
blood vessel constriction were monitored as an indicator of spontaneous orientation. The monitored data were 
analyzed by a mixed-design ANOVA. 

Results: Oxytocin enhanced the difference between the SCRs to human and non-human sounds in both the NT 
and ASD groups (F(1 ,56) = 6.046, p = 0.01 7). Further correlation coefficient analysis showed significant correlations 
between this SCR difference and the scores in the autism spectrum quotient 'attention to detail' and 'social skill' 
subscales and interpersonal reactivity index and social functioning scale in the ASD group. Oxytocin was well 
tolerated, and no serious adverse effects were reported. 

Conclusions: The difference in SCRs implies that oxytocin nasal spray may enhance orientation behaviors toward 
human sounds in the presence of other environmental sounds in both ASD and NT adults. 
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Background 

Social communication is a highly valued skill, and those 
who have difficulty in interacting with others may find it 
hard to become fully integrated into society. Many indi- 
viduals diagnosed as having autism spectrum disorders 
(ASD) are impaired in terms of social skills and the social 
use of verbal and non-verbal communication. Although 
individuals with Asperger syndrome (AS) are usually 
adept at the linguistic aspect of communication, they still 
have difficulty with the paralinguistic component. In other 
words, they may have normal verbal ability, but their 
speech may exhibit unusual prosody, volume, or inton- 
ation. Some researchers have proposed that the early 
emergence of a lack of spontaneous orientation toward so- 
cial stimuli in individuals with ASD disturbs the emer- 
gence of social and communication skills [1]. For example, 
in the vision domain, individuals with ASD are found to 
exhibit abnormal visual fixation patterns for the eye re- 
gions [2-5] and abnormal brain activity patterns for face 
processing [6,7]. In the auditory domain, individuals 
with ASD are found to pay less attention to speech 
sounds [8] and show abnormal brain activity patterns 
for voice processing [9,10]. This lack of attention and 
response to social stimuli may delay the development of 
verbal and non-verbal communication skills, which are 
strong predictors of later outcomes in individuals with 
ASD [11]. 

While the pathogenesis of autism is unclear and the 
treatment for autism is limited, an interesting current 
hypothesis has been proposed that oxytocin might allevi- 
ate the social disorders observed as the hallmark of 
ASD. Previous studies have found the association of the 
oxytocin receptor (OXYR) gene polymorphisms with aut- 
ism in Chinese Han, Caucasians, and Japanese individuals 
[12-14]. These genetic variations of OXYR are found to 
cause morphometric alterations of the hypothalamus, an- 
terior cingulate cortex, and amygdala [15-18]. After oxyto- 
cin administration, the brain activation patterns in the 
fusiform gyrus are found to increase in the risk allele car- 
riers [19]. This pharmaco-imaging genetics study provides 
a possible mechanism for oxytocin to alleviate the social 
disorders in ASD. 

In the past decade, oxytocin has been found to play an 
important role in social interaction that goes beyond its 
previously known effects on female reproduction [20]. 
Because a very significant component of ASD is related 
to social interaction, some pioneering researchers have 
investigated the effect of oxytocin on individuals with 
ASD (Table 1). Compared with those receiving a placebo, 
individuals with ASD receiving the oxytocin treatment ex- 
hibit fewer repetitive behaviors [21] and improved social 
interaction [22], eye gaze behaviors [22], performance in 
the reading the mind in the eyes test [23,24], and affective 
speech perception [25]. In addition, oxytocin increases 



Table 1 Summary of the findings in previous studies that 
investigated the effect of oxytocin in ASD 



Study 


Oxytocin 
application 


Major findings 


Hollandar et al. 
(2003) [21] 


Intravanous 


Reduced repetitive behaviors 


Hollandar et al. 

(2007) [25] 


Intravanous 


Improved affective speech 
comprehension 


Guastella et al. 
(2010) [23] 


Intranasal 
(single dose) 


Improved performance in 

Reading-the-Mind-in-the-Eyes 

Test 


Andari et al. 
(2010) [22] 


Intranasal 
(single dose) 


Improved social behaviors, 
subjective feeling of trust, gazing 
behaviors at the eye region 


Anagnostou et al. 
(2012) [24] 


Intranasal 
(6 weeks) 


No change in Diagnostic Analysis 
of Nonverbal Accuracy & 
Repetitive Behavior Scale Revised; 
improved performance in 
Reading-the-Mind-in-the-Eyes 
Test and quality of life 


Domes et al. 
(2013) [26] 


Intranasal 
(single dose) 


Increased brain activity patterns 
in the right amygdala during 
face processing 



brain activity patterns in the right amygdala in individuals 
with ASD during facial processing, and this finding sup- 
ports the view that oxytocin increases the salience of facial 
stimuli in the ASD group [26]. 

While communication difficulty is one of the major 
symptoms observed in individuals with ASD, only a few 
studies have focused on the effect of oxytocin on their 
auditory perception. In light of the above findings, this 
randomized, single-blind, placebo-controlled, crossover 
design study was aimed at investigating whether oxytocin 
influences the orientation toward human sounds in ASD 
and NT individuals. In the experiment, when the partici- 
pants listened passively to different sounds, we monitored 
their skin conductance responses (SCRs) and the changes 
in peripheral blood vessel constriction (by using photo- 
plethysmography, PPG) as an indicator of their vigilance 
and emotional responses [27,28]. If oxytocin increased 
autonomic responses when individuals with ASD listen to 
human sounds, the results would indicate the potential 
of oxytocin to improve social communication skills in 
those individuals by enhancing their orientation toward 
human sounds. 

Methods 

Participants 

Twenty- two male adults with ASD and 18 NT male 
adults participated in this experiment. The reason for 
taking only one sex was to avoid an additional source of 
noise in the effect of oxytocin across genders. Some 
participants' physiology data were not completely re- 
corded, so only the complete data from 16 participants 
with ASD (mean age = 32.56, range = 19-51) and 13 NT 
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participants (mean = 34.69, range = 23-45) were included 
in the analysis. 

The diagnosis of ASD was based on the consensus of 
three experienced psychiatrists and one psychologist 
according to the criteria of Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV-TR), fourth edi- 
tion [29], after two detailed interviews conducted inde- 
pendently by a psychiatrist and a clinical psychologist in 
the team at Karasuyama Hospital, including their devel- 
opmental history, present illness, past history, and family 
history [30]. Of the 16 ASD participants, 6 were diag- 
nosed as having Asperger's syndrome (AS), 8 were diag- 
nosed as having high-functioning autism (HFA), and 2 
were diagnosed as having pervasive developmental dis- 
order not otherwise specified (PDD-NOS). None of the 
participants met the DSM-IV-TR criteria for any other 
psychiatric disorders. 

Fourteen of the 16 participants with ASD received a 
WAIS-R IQ test (mean = 102.86, SD = 17.03). All the par- 
ticipants with ASD were evaluated regarding their autistic 
traits and social skills, including autism spectrum quotient 
(AQ) (mean = 36.88, SD = 5.18), interpersonal reactivity 
index (IRI) (mean = 71.06, SD = 8.50), and social function- 
ing scale (SFS) (mean = 106.13, SD = 20.10). Fourteen of 
the 16 participants with ASD and 12 of the 13 NT partici- 
pants received the Japanese version of the national adult 
reading test to estimate their IQ [31] (mean ± SD ASD 
group: 108.83 ±11.68; NT group: 110.87 ± 10.21). There 
was no significant difference between the ages and IQ 
scores of these two groups. 

The participants with ASD were recruited from the 
clinics without payment, and the NT participants were 
paid for their participation. Three of the 16 participants 
with ASD were taking medicine constantly (including se- 
lective serotonin reuptake inhibitors, benzodiazepine, or 
serotonin and norepinephrine reuptake inhibitors) dur- 
ing the experiment. All participants refrained from tak- 
ing caffeine and alcohol on the test day. All procedures 
were in accordance with the Declaration of Helsinki and 
were approved by the Ethics Committees of the Faculty 
of Medicine of Showa University. 

Procedure 

All the participants gave written informed consent before 
participation. In the randomized, placebo-controlled, cross- 
over designed trial, two experimental sessions were con- 
ducted, separated by a 1-week interval. Each experiment 
started with a screening of current somatic illness. Oxyto- 
cin and placebo were administered intranasally 1 h before 
the auditory experiment [32]. After a standardized proto- 
col, participants self-administered three puffs of oxytocin 
per nostril (Syntocinon-Spray, Novartis, Basel, Switzerland; 
each puff with 4 IU oxytocin; 24 IU oxytocin in total) or 
placebo under the supervision of a physician. Due to the 



regulations of the hospital, this attending physician was re- 
quired to be aware of the medication that was handed to 
the participant. Nevertheless, this physician did not look 
into the data after it was collected, nor was he involved in 
data analysis and interpretation. Eight of the 16 ASD par- 
ticipants and 7 of the 13 NT participants inhaled oxytocin 
in their first session. 

During the experiment, skin conductance sensors were 
fixed on the volar side of the left middle and ring fin- 
gers, and the PPG sensor was fixed on the volar side of 
the left index finger. The analog signals from these sen- 
sors were sampled at 1,000 Hz and then amplified and 
filtered with a BIOPAC MP150 (BIOPAC Systems Inc., 
USA). The digital signals from the skin conductance sen- 
sors (TSD203, BIOPAC Systems Inc., USA) were proc- 
essed with a 1 Hz low-pass filter, and the digital signals 
from the PPG sensor (TSD200, BIOPAC Systems Inc., 
USA) were processed with a 0.5-3 Hz band-pass filter. 
The usage of these filters is recommended by BIOPAC 
System, Inc. The participants were prepared and then 
seated in a dark room with their left arm placed in a com- 
fortable position. They were told not to move their left 
hand through the experiment. The experiment lasted for 
about 20 min. 

Auditory stimuli 

All the auditory stimuli were chosen from International 
Affective Digital Sounds (IADS -2). There were four cat- 
egories of sounds tested in the experiment (illustrated in 
Figure 1A): pleasant and human, pleasant and non- 
human, unpleasant and human, and unpleasant and non- 
human. These sounds were categorized as pleasant and 
unpleasant sounds based on their emotion evaluation 
[33]. Human sounds were sounds generated by human 
bodies, and non-human sounds included animal sounds, 
environmental sounds, and sounds generated by musical 
instruments. The categorization of human and non- 
human sounds was based on previous studies that investi- 
gated the brain activity patterns and response time evoked 
by human and non-human sounds [34,35] . There were no 
significant differences in the arousal level among these 
four categories of sounds (see Additional file 1: Table SI). 
In addition to these four categories, there was a sound of 
opening a beer can (pleasant and high-arousal) and four 
pleasant low- arousal sounds. 

An example of the sound sequence is illustrated in 
Figure IB. The two sounds in the same category and 
listed in the same row in Figure 1A were always pre- 
sented as a set. Every set of the sounds was followed by 
a pleasant low-arousal sound so that the participants 
had a chance to switch their mood. The sound of open- 
ing a beer can served as the first sound. The order of 
these sets was pseudo-randomized based on two rules to 
avoid the effect of expectations and the order effect. 
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(A) 





Pleasant 


Unpleasant 








Human 






Non-human 















(B) 



pleasant+non-human 



pleasant+human 



unpleasant+non-human 



unpleasant+human 



1 



1 



1 



r 



[beer-opening]--[bagpipe]-[colonial music]-[country night]-[native song]-[baby laughing]— -[yawn] [enging failure]--[rattle snake] [harp] [sneeze]- 



[baby cry] [choir]— 

25^ 




unpleasant+non-human 



pleasant+human 



unpleasant+human 

I 1 I 1 I 1 

-[wheeze]— [man scream] [choir] [animal growl] [bees] [harp] [music box]— -[sports bar] [yawn]- 



pleasant+non-human 



uitar] [rock & roll]— [country night] 




Figure 1 Illustrations for (A) emotional sounds in the four categories and (B) an example of the auditory sequence presented in 
the experiment. 



Initially, the first set in one category was presented in 
the first half of the experiment, and the second set was 
presented in the second half. Then, the two sets in the 
same category were arranged in a complementary man- 
ner. For example, in one experimental session, if the first 
set in the pleasant human category was presented first 
among the four sets in the first half session, the second 
set in the same category would be presented last among 
the four sets in the second half session. 

In total there were 25 sounds presented in the experi- 
ment. Each sound was 6 s long, and the inter-stimulus 
intervals between these sounds were randomized and 
between 6 and 24 s. The first sound was presented after 
the participants had rested for 3 min. All the auditory 
files selected from the IADS -2 database were re-sampled 
to 44,100 Hz and stored in iPod model #A1199 (Apple, 
USA). The output sound pressure level was controlled 
by a digital linked headphone amplifier, Audio-Technica 
AT-HA35i (Audio-Technica Corp., Japan). The sound 
pressure levels were varied to match the sound pressure 
levels of sounds in a natural environment. The max- 
imum sound pressure level was 76 dBSPL across all 
auditory stimuli. The auditory stimuli were presented to 



the participants diotically through a set of headphones 
(Sennheiser HDA 200, Germany). 

Data analysis 

Due to the fast presentation of auditory stimuli, the 1-s 
pre-sound skin conductance level (SCL) was averaged to 
give a baseline for each auditory stimulus. To investigate 
whether the alertness of participants decreased over time 
due to adaptation or tiredness, the baseline SCLs for all 
auditory stimuli (shown in Additional file 1: Figure SI) ex- 
cept the first sound for all participants were analyzed by a 
two-way repeated-measurement ANOVA, with the within- 
subject factors as Medication and Order. Neither Medica- 
tion nor Order showed a significant effect (F(l,28) = 0.021, 
p = 0.887 and F(23,644) = 0.315, p = 0.821, respectively). 
The interaction between Medication and Order was not 
significant either (F(23,644) = 0.363, p = 0.849). The results 
indicate that participants' alertness toward the auditory 
stimuli was stable across time. On the other hand, because 
the range of the participants' age was large, the Pearson 
correlation coefficients between participants' age and their 
baseline SCLs for the first sound (of opening a beer can) 
for all participants in the placebo and oxytocin sessions 
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was computed to investigate whether elder participants 
had lower baseline SCLs. No significant correlation was 
found (p = 0.47 in the placebo sessions and p = 0.2 in the 
oxytocin sessions). The lack of significant correlation be- 
tween age and baseline SCLs in the present study is con- 
sistent with the previous study [36]. 

To find the stimulus-related peak of SCLs (i.e., SCRs), 
this baseline was subtracted from the maximum SCL be- 
tween 1 s after the onset of each sound and 5 s after the 
offset of each auditory stimulus, and the residual went 
through a log transform (log [SCR + 1]) for normalization 
before further statistical analysis. The procedures for 
analyzing the skin conductance data and PPG data were 
determined before the experiment based on a previous 
study [37]. 

For the PPG signals, the peaks and valleys in the 
waveforms were detected throughout the signals for 
amplitude computation in the beginning. Then the 2-s 
pre-sound PPG amplitude was averaged to serve as the 
baseline. The minimum PPG amplitude between 1 s after 
the onset of each sound and 5 s after the offset of each 
sound was subtracted from the baseline before further 
statistical analysis. 

Results 

The SCRs and PPG amplitude changes in each of the 
four sound categories (pleasant human, pleasant non- 
human, unpleasant human, unpleasant non-human) were 
averaged for each participant in each session. To investi- 
gate whether oxytocin influenced how subjects reacted to 
human and non-human sounds, whether the pleasantness 
of the sounds affected the effect of oxytocin, and whether 
the effect of oxytocin was the same for the subjects in the 
ASD and NT groups, a five-way mixed-design ANOVAs, 
with the between-subject factor as Group (ASD and NT) 
and Measure (SCR and PPG) and the within-subject fac- 
tors as Medication (oxytocin and placebo), Source (human 
and non-human sound), and Pleasantness (pleasant and 
unpleasant sound), was performed for the averaged SCRs 
and PPG amplitude changes. The ANOVA analysis was 
conducted with SPSS v.19 (IBM, USA). 

The results of the ANOVA, which are summarized in 
Table 2, show a significant effect of Measure and signifi- 
cant interactions between Group and Measure, Medica- 
tion and Group, Medication and Group and Measure, 
Medication and Source, and Medication and Source and 
Measure, Autonomic responses (SCRs and PPG ampli- 
tude changes) were significantly larger in the NT group 
than in the ASD group. The subgroup analyses exploring 
the significant interaction between Group and Measure 
indicated that SCRs were larger in the NT group than in 
the ASD group, while PPG amplitude changes were lar- 
ger in the ASD group than in the NT group, although 
none of these differences was significant. 



Table 2 The results of the five-way mixed-design 
repeated-measurement ANOVA, with the between-subject 
factor as Group (ASD and NT) and Measure (SCR and PPG) 
and the within-subject factors as Medication (oxytocin and 
placebo), Source (human and non-human sound), and 
Pleasantness (pleasant and unpleasant sound), performed 
to evaluate the effect of oxytocin inhalation on the 



autonomic responses 





df 


F 


P 


Group 


1, 112 


2.349 


0.128 


Measure 


1, 112 


18.718 


0.000""" 


Group "Measure 


1, 112 


4.177 


0.043" 


Medication 


1, 112 


0.790 


0.376 


Medication "Group 


1, 112 


7.000 


0.009"" 


Medication "Measure 


1, 112 


1.553 


0.215 


Medication "Group "Measure 


1, 112 


7.080 


0.009"" 


Source 


1, 112 


0.458 


0.500 


Source "Group 


1, 112 


0.951 


0.332 


Source "Measure 


1, 112 


0.144 


0.705 


Source "Group "Measure 


1, 112 


0.701 


0.404 


Pleasantness 


1, 112 


2.194 


0.141 


Pleasantness "Group 


1, 112 


0.133 


0.716 


Pleasantness "Measure 


1, 112 


0.180 


0.672 


Pleasantness "Group "Measure 


1, 112 


0.296 


0.587 


Medication "Source 


1, 112 


4.384 


0.039" 


Medication x Source "Group 


1, 112 


1.976 


0.163 


Medication x Source "Measure 


1, 112 


5.802 


0.018" 


Medication x Source "Group "Measure 


1, 112 


1.373 


0.244 


Medication x Pleasantness 


1, 112 


0.008 


0.929 


Medication x Pleasantness "Group 


1, 112 


0.007 


0.935 


Medication x Pleasantness "Measure 


1, 112 


0.051 


0.822 


Medication x Pleasantness 
"Group "Measure 


1, 112 


0.112 


0.739 


Source x Pleasantness 


1, 112 


1.103 


0.296 


Source x Pleasantness "Group 


1, 112 


0.081 


0.777 


Source x Pleasantness "Measure 


1, 112 


0.058 


0.810 


Source x Pleasantness "Group "Measure 


1, 112 


0.141 


0.708 


Medication x Source x Pleasantness 


1, 112 


0.033 


0.855 


Medication x Source x Pleasantness 
"Group 


1, 112 


0.966 


0.328 


Medication x Source x Pleasantness 
"Measure 


1, 112 


0.134 


0.715 


Medication x Source x Pleasantness 
"Group "Measure 


1, 112 


0.918 


0.340 



*p < 0.05 **p < 0.01 ***p < 0.001 . 



The subgroup analyses exploring the significant inter- 
action between Medication and Group and Measure 
showed that the interaction between Medication and 
Group was mainly due to the significant interaction 
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between Medication and Group in SCR measurement 
(F(l,56) = 7.526, p = 0.008) but not in PPG measurement 
(F(l,56) = 0.001, p = 0.976). Further subgroup analyses 
showed the significant interaction between Medication 
and Group in SCR measurement was mainly due to the 
difference between the ASD and NT groups when they 
inhaled placebo (F(l,56) = 10.069, ^ = 0.002) and the 
significant difference between oxytocin and placebo in- 
halation in the NT group (F(l,25) = 4.991, p = 0.035). In 
Figure 2A, SCRs were larger in the NT group than in 
the ASD group after placebo inhalation, and this differ- 
ence disappeared after oxytocin inhalation. 

The subgroup analyses exploring the significant inter- 
action between Medication and Source and Measure 
showed that the interaction between Medication and Source 
was mainly due to the significant interaction between Medi- 
cation and Source in SCR measurement (F(l,56) = 5.226, 
p = 0.026) but not in PPG measurement (F(l,56) = 0.816, 
p = 0.37). Further subgroup analyses showed the significant 
interaction between Medication and Source in SCR meas- 
urement was mainly due to the significant difference for 
human and non-human sounds after oxytocin inhalation 
(F(l,56) = 6.046, p = 0.017). In Figure 2A, SCRs were larger 
for human sounds than for non-human sounds after oxyto- 
cin inhalation. 

Although there was no significant interaction between 
Medication, Source, and Group in SCRs, the experimental 
hypothesis predicts that oxytocin should have different 



effects on the SCRs in the NT and ASD groups. Therefore, 
four two-way repeated-measurement ANOVAs (with the 
within-subject factors as Sociality and Pleasantness) were 
conducted to analyze the SCRs in the oxytocin and pla- 
cebo conditions in the ASD and NT groups separately. 
For the NT participants, Sociality was not a significant 
factor in the placebo session (F(l,25) = 1.242, p = 0.276) 
or in the oxytocin session (F(l,25) = 2.172, p = 0.153). 
For the ASD participants, Sociality was not a significant 
factor in the placebo session (F(l,31) = 0.339, p = 0.565) 
but was a significant factor in the oxytocin session 
(F(l,31)= 4.913,/? = 0.034). 

The lack of significant interaction among Medication, 
Source, and Group in SCRs in the five-way mixed-designed 
ANOVAs indicates that the NT and ASD groups had 
the same trend that SCRs for human sounds were larger 
than SCRs for non-human sounds after oxytocin inha- 
lation. Nevertheless, the post hoc tests (i.e., the four 
two-way repeated-measurement ANOVAs) showed a 
greater effect of oxytocin in the ASD group than in the 
NT group. Based on the hypothesis that there were indi- 
vidual differences in the responses to oxytocin for human 
sounds, the Pearson correlation coefficient was computed 
between the difference between the SCRs for human 
and non-human sounds after oxytocin inhalation and 
participants' age, AQ, AQ subscales, IRI, and SFS scores in 
the ASD group. As illustrated in Figure 3, a significant posi- 
tive correlation was found between the scores in the social 
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Figure 2 The effect of oxytocin/placebo inhalation on (A) the skin conductance responses and (B) the PPG amplitude changes in 
response to human and non-human sounds in the ASD and NT groups. The values shown are means over participants, and the error bars 
indicate standard errors. 
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skill' subscale in AQ and the difference between the human 
and non-human sound SCRs. In addition, significant nega- 
tive correlations were found between the scores in the 
attention to detail' subscale in AQ, IRI, and SFS and the 
difference between human and non-human sound SCRs. 
This finding supports the hypothesis that some partici- 
pants, especially those with low social function and less fix- 
ated attention, were influenced by oxytocin more than 
others. Due to the small sample size, no post-hoc analysis 
could provide sufficient statistical power to investigate 
whether different diagnosis and medication conditions in- 
fluenced their responses to oxytocin. 

Discussion 

To the best of our knowledge, this is the first study to re- 
port the effect of oxytocin on the sympathetic responses 
(measured in terms of SCRs) toward human and non- 
human sounds in adults with ASD and NT adults. The 
present study has resulted in several interesting findings. 
First, after oxytocin administration, the SCRs observed in 
the NT group decreased. Second, after oxytocin adminis- 
tration, the SCRs toward human sounds became larger 
than the SCRs toward non-human sounds. Third, this dif- 
ference in SCRs toward human and non-human sounds 
after oxytocin inhalation was correlated to their social 
function, interpersonal reactivity, and attention to detail in 
the ASD group. 

In general, an increased SCR implies increased vigi- 
lance and/or emotional responses with a lowered 



neuronal threshold in sensory systems [27]. In other 
words, when we receive a stimulus that requires action, 
our brain needs to gather more information before decid- 
ing to approach or avoid that stimulus. Of all stimuli, fear 
is perhaps the most potent, but other stimuli that increase 
vigilance also increase the SCRs. Based on this interpret- 
ation, the observation that the SCRs were larger in the 
NT group than in the ASD group under the placebo 
condition indicates that, compared with individuals with 
ASD, the NT individuals were more vigilant or had more 
emotional responses to the auditory stimuli provided 
during the experiment. The auditory stimuli in our experi- 
ment were recorded from the natural environment. Com- 
pared with the pure tones and siren sounds used in 
previous studies [38-42], the auditory stimuli used in this 
experiment might evoke more natural responses. 

While the SCRs observed after placebo inhalation be- 
came larger in the NT group than in the ASD group, the 
SCRs in the NT group decreased after oxytocin inhal- 
ation. Therefore, the SCRs observed in the NT and ASD 
groups were not significantly different after oxytocin in- 
halation. The reduction in the SCRs observed in the NT 
group might be due to attenuated amygdala activity after 
oxytocin treatment, which has been reported for face 
processing in previous studies [43-46]. 

In response to auditory stimuli, the brain activation 
patterns in the superior temporal sulcus are different for 
human vocal sounds and other environmental sounds 
[34]. However, this current study did not show any 
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difference between autonomic responses to human and 
non-human sounds in the placebo condition. The lack 
of difference in the autonomic responses to human and 
non-human sounds might be due to the relatively long 
auditory stimuli (6 s) provided in this study compared to 
the short auditory stimuli used in the previous study 
(500 ms). Another previous study shows that a duration 
of 8 ms is sufficient for participants to achieve good 
performance in differentiating timbres and the plateau 
of their performance in timbre discrimination is reached 
when the duration is 128 ms [47]. Nevertheless, it is not 
clear whether the increase in stimuli duration would in- 
fluence the activation in the amygdala and other brain 
areas that are related to the regulation of sweat glands. 

Regarding the evaluation of the auditory stimuli, there 
are two limitations of this study. First, there was no sub- 
jective evaluation of the affective sounds during the ex- 
periment. Second, since participants were not instructed 
to pay attention to the auditory stimuli, their attention 
during the experiment was difficult to evaluate. Neverthe- 
less, in the present study, participants were not instructed 
to pay attention to the auditory stimuli because a previous 
study found that the difference in orientation to voice be- 
tween the ASD and NT participants diminished when the 
participants were requested to pay full attention to the 
auditory stimuli [48] . 

The difference in SCRs to human and non-human 
sounds after oxytocin administration was found to be 
negatively correlated with social function (measured with 
the AQ social skill subscale and SFS) and interpersonal re- 
activity (measured with IRI) in the ASD group. In other 
words, for ASD individuals, the worse their social function 
and interpersonal reactivity were, the larger the effect of 
oxytocin on differentiating human and non-human sounds. 
On the other hand, this difference in SCRs to human and 
non-human sounds was found to be negatively correlated 
with the attend to detail' subscale in AQ in the ASD group. 
This finding shows that the effect of oxytocin was stronger 
for the ASD participants who paid less attention to detail 
than for those who paid more attention to detail. In other 
words, the effect of oxytocin on social orientation depended 
on participants' attention to the general surrounding 
environment. 

Although oxytocin had an effect on the SCRs for hu- 
man and non-human sounds, there was no such effect 
in relation to pleasant and unpleasant sounds observed 
in this study. Regarding the role of oxytocin in human 
affect perception, several hypotheses have been pro- 
posed: (1) oxytocin reduces social anxiety, (2) oxytocin 
promotes positive and pro-social behaviors, (3) oxytocin 
increases approach-related social behaviors while inhibit- 
ing withdrawal- related social behaviors, and (4) oxytocin 
facilitates social salience [49,50]. Our observation is con- 
sistent with the hypothesis that oxytocin facilitates the 



salience of human sounds. However, since this experiment 
was not designed to test these hypotheses, our observation 
does not rule out other hypotheses. 

While this study showed an effect of oxytocin on SCRs, 
it did not reveal any effect of oxytocin on the amplitude 
changes in the PPG signals. This lack of an effect on per- 
ipheral blood vessels can be explained by its control 
system: peripheral blood vessels are controlled by both 
sympathetic and parasympathetic systems [28], while the 
eccrine sweat glands are entirely controlled by the sympa- 
thetic system [27]. In other words, if the parasympathetic 
tones changed in the same way as the sympathetic tones 
for human and non-human sounds after oxytocin admin- 
istration, the ratio between the sympathetic tones and the 
parasympathetic tones would not change, and the ampli- 
tude of the PPG signals would not change. 

In summary, our observation reveals that oxytocin ad- 
ministration changed sympathetic responses toward hu- 
man and non-human sounds, especially for adults with 
ASD who have poorer social skills and less fixated atten- 
tion. This is the first study to investigate how oxytocin 
inhalation changed social orientation to auditory stimuli. 
More work will be needed to understand the relationship 
between changes in SCRs induced by oxytocin administra- 
tion in individuals with ASD and local changes in voice- 
selective brain areas influenced by oxytocin. This can be 
accomplished using functional imaging techniques. 

Conclusions 

This study showed that a single dose of oxytocin had a 
short-term positive effect on orientation behaviors toward 
human sounds among non-human sounds. The results 
support the therapeutic potential of oxytocin inhalation 
for social orientation in adults with ASD. Future clinical 
trials with larger sample studies of longer duration are 
required if we are to fully examine the effectiveness of 
oxytocin as an adjunctive treatment option in the context 
of communication training in ASD. 

Additional file 
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Pre-stimulus SCLs across 29 participants for the 25 auditory stimuli 
presented in the experiment in the oxytocin session and the placebo 
session. The error bars are standard errors. 



Abbreviations 

AQ: Autism spectrum quotient; AS: Asperger syndrome; ASD: Autism 
spectrum disorders; IADS: International affective digital sounds; 
IRI: Interpersonal reactivity index; NT: Neurotypical; OXYR: Oxytocin receptor; 
PPG: Photoplethysmography; SCR: Skin conductance response; SFS: Social 
functioning scale. 

Competing interests 

The authors declare that they have no competing interests. 



Lin et al. Molecular Autism 2014, 5:20 
http://www.molecularautism.eom/content/5/1/20 



Page 9 of 10 



Authors' contributions 

IL conceived of the study, participated in its design, analyzed the data, and 
drafted the manuscript. MK participated in its design and helped to draft the 
manuscript. HO, TY, MT, HW, CK, TO, YT, Al, and NK helped to conduct the 
experiment, collect the data, and revise the manuscript. All authors read and 
approved the final manuscript. 

Acknowledgements 

We would like to thank all the participants for their time and effort. This 
study is supported by the Japan Science and Technology Agency and 
Communication Science Laboratories. 

Author details 

1 N^ Communication Science Laboratories, Corporation, 3-1, Morinosato 
Wakamiya, Atsugi, Kanagawa 243-0198, Japan. 2 CREST, JST, 3-1, Morinosato 
Wakamiya, Atsugi, Kanagawa 243-0198, Japan, department of Psychiatry, 
Showa University School of Medicine, 1-5-8 Hatanodai, Shinagawa, Tokyo 
142-8555, Japan. 4 CREST, JST, 1-5-8 Hatanodai, Shinagawa, Tokyo 142-8555, 
Japan. 

Received: 8 August 2013 Accepted: 4 February 2014 
Published: 28 February 2014 

Reference 

1. Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT: The social 
motivation theory of autism. Trends Cogn Sci 2012, 16:231-239. 

2. Pelphrey KA, Sasson NJ, Reznick JS, Paul G, Goldman BD, Piven J: Visual 
scanning of faces in autism. J Autism Dev Disord 2002, 32:249-261. 

3. Klin A, Jones W, Schultz R, Volkmar F, Cohen D: Visual fixation patterns during 
viewing of naturalistic social situations as predictors of social competence 
in individuals with autism. Arch Gen Psychiatry 2002, 59:809-816. 

4. Ozonoff S, losif AM, Baguio F, Cook IC, Hill MM, Hutman T, Rogers SJ, Rozga 
A, Sangha S, Sigman M, Steinfeld MB, Young GS: A prospective study of 
the emergence of early behavioral signs of autism. J Am Acad Child 
Adolesc Psychiatry 2010, 49:256-266. e251-252. 

5. Elsabbagh M, Mercure E, Hudry K, Chandler S, Pasco G, Charman T, Pickles 
A, Baron-Cohen S, Bolton P, Johnson MH: Infant neural sensitivity to 
dynamic eye gaze is associated with later emerging autism. Curr Biol 
2012, 22:338-342. 

6. Dalton KM, Nacewicz BM, Johnstone T, Schaefer HS, Gernsbacher MA, 
Goldsmith HH, Alexander AL, Davidson RJ: Gaze fixation and the neural 
circuitry of face processing in autism. Nat Neurosci 2005, 8:519-526. 

7. Pelphrey KA, Morris JP, McCarthy G: Neural basis of eye gaze processing 
deficits in autism. Brain 2005, 128:1038-1048. 

8. Ceponiene R, Lepisto T, Shestakova A, Vanhala R, Alku P, Naatanen R, 
Yaguchi K: Speech-sound-selective auditory impairment in children with 
autism: they can perceive but do not attend. Proc Natl Acad Sci USA 
2003, 100:5567-5572. 

9. Gervais H, Belin P, Boddaert N, Leboyer M, Coez A, Sfaello I, Barthelemy C, 
Brunelle F, Samson Y, Zilbovicius M: Abnormal cortical voice processing in 
autism. Nat Neurosci 2004, 7:801-802. 

10. Abrams DA, Lynch CJ, Cheng KM, Phillips J, Supekar K, Ryali S, Uddin LQ, 
Menon V: Underconnectivity between voice-selective cortex and reward 
circuitry in children with autism. Proc Natl Acad Sci USA 2013, 
110:12060-12065. 

11. Stone WL, Yoder PJ: Predicting spoken language level in children with 
autism spectrum disorders. Autism 2001, 5:341-361. 

12. Wu S, Jia M, Ruan Y, Liu J, Guo Y, Shuang M, Gong X, Zhang Y, Yang X, 
Zhang D: Positive association of the oxytocin receptor gene (OXTR) with 
autism in the Chinese Han population. Biol Psychiatry 2005, 58:74-77. 

13. Jacob S, Brune CW, Carter CS, Leventhal BL, Lord C, Cook EH Jr: Association 
of the oxytocin receptor gene (OXTR) in Caucasian children and 
adolescents with autism. Neurosci Lett 2007, 417:6-9. 

14. Liu X, Kawamura Y, Shimada T, Otowa T, Koishi S, Sugiyama T, Nishida H, 
Hashimoto O, Nakagami R, Tochigi M, Umekage T, Kano Y, Miyagawa T, 
Kato N, Tokunaga K, Sasaki T: Association of the oxytocin receptor (OXTR) 
gene polymorphisms with autism spectrum disorder (ASD) in the 
Japanese population. J Hum Genet 201 0, 55:1 37-1 41 . 

15. Furman DJ, Chen MC, Gotlib IH: Variant in oxytocin receptor gene is 
associated with amygdala volume. Psychoneuroendocrinology 201 1, 
36:891-897. 



16. Inoue H, Yamasue H, Tochigi M, Abe O, Liu X, Kawamura Y, Takei K, Suga M, 
Yamada H, Rogers MA, Aoki S, Sasaki T, Kasai K: Association between the 
oxytocin receptor gene and amygdalar volume in healthy adults. 

Biol Psychiatry 2010, 68:1066-1072. 

17. Tost H, Kolachana B, Hakimi S, Lemaitre H, Verchinski BA, Mattay VS, 
Weinberger DR, Meyer-Lindenberg A: A common allele in the oxytocin 
receptor gene (OXTR) impacts prosocial temperament and human 
hypothalamic-limbic structure and function. Proc Natl Acad Sci USA 2010, 
107:13936-13941. 

18. Tost H, Kolachana B, Verchinski BA, Bilek E, Goldman AL, Mattay VS, 
Weinberger DR, Meyer-Lindenberg A: Neurogenetic effects of OXTR 
rs2254298 in the extended limbic system of healthy Caucasian adults. 
Biol Psychiatry 201 1, 70:e37-e39. 

1 9. Sauer C, Montag C, Worner C, Kirsch P, Reuter M: Effects of a common variant 
in the CD38 gene on social processing in an oxytocin challenge study: 
possible links to autism. Neuropsychopharmacology 201 2, 37:1474-1482. 

20. Macdonald K, Macdonald TM: The peptide that binds: a systematic review 
of oxytocin and its prosocial effects in humans. Harv Rev Psychiatry 2010, 
18:1-21. 

21 . Hollander E, Novotny S, Hanratty M, Yaffe R, DeCaria CM, Aronowitz BR, 
Mosovich S: Oxytocin infusion reduces repetitive behaviors in adults 
with autistic and Asperger's disorders. Neuropsychopharmacology 2003, 

28:193-198. 

22. Andari E, Duhamel JR, Zalla T, Herbrecht E, Leboyer M, Sirigu A: Promoting 
social behavior with oxytocin in high-functioning autism spectrum 
disorders. Proc Natl Acad Sci USA 2010, 107:4389-4394. 

23. Guastella AJ, Einfeld SL, Gray KM, Rinehart NJ, Tonge BJ, Lambert TJ, Hickie 
IB: Intranasal oxytocin improves emotion recognition for youth with 
autism spectrum disorders. Biol Psychiatry 2010, 67:692-694. 

24. Anagnostou E, Soorya L, Chaplin W, Bartz J, Halpern D, Wasserman S, Wang 
AT, Pepa L, Tanel N, Kushki A, Hollander E: Intranasal oxytocin versus 
placebo in the treatment of adults with autism spectrum disorders: a 
randomized controlled trial. Mol Autism 2012, 3:16. 

25. Hollander E, Bartz J, Chaplin W, Phillips A, Sumner J, Soorya L, Anagnostou 
E, Wasserman S: Oxytocin increases retention of social cognition in 
autism. Biol Psychiatry 2007, 61:498-503. 

26. Domes G, Heinrichs M, Kumbier E, Grossmann A, Hauenstein K, Herpertz SC: 
Effects of intranasal oxytocin on the neural basis of face processing in 
autism spectrum disorder. Biol Psychiatry 2013, 74:164-171. 

27. Dawson ME, Schell AM, Filion DL: The electrodermal system. Cambridge, U.K.: 
Cambridge University Press; 2000. 

28. Ooishi Y, Kashino M: Habituation of rapid sympathetic response to 
aversive timbre eliminated by change in basal sympathovagal balance. 
Psychophysiology 201 2, 49:1 059-1 071 . 

29. American Psychiatric Association: Diagnostic and statistical manual of mental 
disorders (4th ed., text rev.). Washington, DC: Author; 2000. 

30. Yamada T, Ohta H, Watanabe H, Kanai C, Tani M, Ohno T, Takayama Y, 
Iwanami A, Kato N, Hashimoto R: Functional alterations in neural 
substrates of geometric reasoning in adults with high-functioning 
autism. PLoS One 2012, 7:e43220. 

31. Matsuoka K, Uno M, Kasai K, Koyama K, Kim Y: Estimation of premorbid IQ 
in individuals with Alzheimer's disease using Japanese ideographic script 
(Kanji) compound words: Japanese version of National Adult Reading 
Test. Psychiatry Clin Neurosci 2006, 60:332-339. 

32. Born J, Lange T, Kern W, McGregor GP, Bickel U, Fehm HL: Sniffing 
neuropeptides: a transnasal approach to the human brain. Nat Neurosci 
2002,5:514-516. 

33. Bradley MM, Lang PJ: The international affective digitized sounds (2nd 
Edition; IADS-2): affective ratings of sounds and instruction manual. 

In Technical report B-3. Gainesville, FL: University of Florida; 2007. 

34. Belin P, Zatorre RJ, Lafaille P, Ahad P, Pike B: Voice-selective areas in 
human auditory cortex. Nature 2000, 403:309-312. 

35. Agus TR, Suied C, Thorpe SJ, Pressnitzer D: Fast recognition of musical 
sounds based on timbre. J Acoust Soc Am 2012, 131:4124-4133. 

36. Venables PH, Mitchell DA: The effects of age, sex and time of testing on 
skin conductance activity. Biol Psychol 1996, 43:87-101. 

37. Bradley MM, Miccoli L, Escrig MA, Lang PJ: The pupil as a measure of 
emotional arousal and autonomic activation. Psychophysiology 2008, 
45:602-607. 

38. Palkovitz RJ, Wiesenfeld AR: Differential autonomic responses of autistic 
and normal children. J Autism Dev Disord 1980, 10:347-360. 



Lin et al. Molecular Autism 2014, 5:20 
http://www.molecularautism.eom/content/5/1/20 



Page 10 of 10 



39. van Engeland H: The electrodermal orienting response to auditive stimuli 
in autistic children, normal children, mentally retarded children, and 
child psychiatric patients. J Autism Dev Disord 1984, 14:261-279. 

40. Stevens S, Gruzelier J: Electrodermal activity to auditory stimuli in autistic, 
retarded, and normal children. J Autism Dev Disord 1984, 14:245-260. 

41. Schoen SA, Miller LJ, B-G B, Hepburn SL: Psychophysiology of children with 
autism spectrum disorder. Res Autism Spectr Disord 2008, 2:417-429. 

42. Chang MC, Parham LD, Blanche El, Schell A, Chou CP, Dawson M, Clark F: 
Autonomic and behavioral responses of children with autism to auditory 
stimuli. Am J Occup Ther 201 2, 66:567-576. 

43. Domes G, Heinrichs M, Glascher J, Buchel C, Braus DF, Herpertz SC: 
Oxytocin attenuates amygdala responses to emotional faces regardless 
of valence. Biol Psychiatry 2007, 62:1 187-1 1 90. 

44. Kirsch P, Esslinger C, Chen Q, Mier D, Lis S, Siddhanti S, Gruppe H, Mattay 
VS, Gallhofer B, Meyer-Linden berg A: Oxytocin modulates neural circuitry 
for social cognition and fear in humans. J Neurosci 2005, 25:1 1489-1 1493. 

45. Striepens N, Scheele D, Kendrick KM, Becker B, Schafer L, Schwalba K, Reul J, 
Maier W, Hurlemann R: Oxytocin facilitates protective responses to aversive 
social stimuli in males. Proc Natl Acad Sci U SA 2012, 109:18144-18149. 

46. Petrovic P, Kalisch R, Singer T, Dolan RJ: Oxytocin attenuates affective 
evaluations of conditioned faces and amygdala activity. J Neurosci 2008, 
28:6607-6615. 

47. Suied C, Agus TR, Thorpe SJ, Pressnitzer D: Processing of short auditory 
stimuli: the rapid audio sequential presentation paradigm (RASP). 
Adv Exp Med Biol 2013, 787:443-451. 

48. Whitehouse AJ, Bishop DV: Do children with autism 'switch off to speech 
sounds? An investigation using event-related potentials. Dev Sci 2008, 
11:516-524. 

49. Bartz JA, Zaki J, Bolger N, Ochsner KN: Social effects of oxytocin in 
humans: context and person matter. Trends Cogn Sci 201 1, 15:301-309. 

50. Kemp AH, Guastella AJ: The role of oxytocin in human affect: a novel 

hypothesis. Psychol Sci 2012, 20:222-231. 



doi:1 0.1 186/2040-2392-5-20 

Cite this article as: Lin et al:. The effect of intranasal oxytocin versus 
placebo treatment on the autonomic responses to human sounds in 
autism: a single-blind, randomized, placebo-controlled, crossover design 
study. Molecular Autism 2014 5:20. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



